Since the isolation of tyrothricin from cultures of Bacillus brevis (Dubos, 1939), numerous papers have appeared dealing with the chemical and biological properties of this bactericidal agent and its components, gramicidin and tyrocidine (Hotchkiss and Dubos, 1940; Dubos and Hotchkiss, 1941; Tishler, Stokes, Trenner and Conn, 1941; Christensen, Edwards and Piersma, 1941; Lipmann, Hotchkiss and Dubos, 1941; Heilman and Herrell, 1941; Henle and Zittle, 1941; Little, Dubos and Hotchkiss, 1941; Robinson and Molitor, 1942). However, little is known of the physiology of the bacillus from which the bactericidal agent is obtained. The present investigation is concerned with the relation of the nitrogen nutrition of B. brevis to tyrothricin formation in stationary and submerged cultures. A method suitable for large scale production of tyrothricin in submerged cultures is described.
have shown that the tyrothricin values obtained by this method correspond closely to the quantities that can be isolated from the same cultures.
EXPERIMENTS WITH COMPLEX NITROGENOUS MEDIA
Tyrothricin is readily formed by B. brevis in shallow stationary cultures (1 inch or less in depth) of hydrolyzed casein, gelatin, peptone or tryptone medium. However, this is not the case in aerated submerged cultures. A large number of experiments were made with 5-liter batches of tryptone medium in a 2-gallon iron fermenter, in which the rate of stirring, aeration (air), temperature and concentration of tryptone were successively varied. Although luxuriant growth of the bacillus occurred, no tyrothricin was formed. Also, cultures grown in 1-liter Erlenmeyer flasks containing 700 ml. of medium and aerated with oxygen and mixtures of 02 and CO2 did not yield tyrothricin.
Negative results were likewise obtained with submerged flask cultures in which hydrolyzed casein, peptone, yeast extract, potato extract, gelatin, molasses, brain-heart infusion, milk whey or combinations of these, with and without glucose, were used in place of tryptone.
That tyrothricin is not formed under such conditions rather than being present in a bound form seems indicated by the fact that it cannot be recovered from the cellular material of such cultures by hydrolysis with acid, alkali or proteolytic enzymes, or by extraction with various organic solvents.
These experiments and numerous others indicate that the metabolism .of B. brevis is modified in aerated submerged cultures containing complex nitrogenous nutrients so that tyrothricin is not formed, or at least does not accumulate.
EXPERIMENTS WITH SYNTHETIC MEDIA
While developing a synthetic medium which will permit abundant growth of B. brevis in stationary cultures, it was noted that nitrate-nitrogen is not utilized by the bacillus whereas ammonium-nitrogen permits scant growth; asparagin yields as much growth as tryptone or hydrolyzed casein. A mixture of growth factors (thiamin, pyridoxine, inositol, uracil, adenine, guanine and pantothenic, nicotinic, aspartic and p-aminobenzoic acids) stimulates growth in ammonium-nitrogen and asparagine media although these substances are not essential. The basal medium described below, with 0.25 per cent asparagine as nitrogen source, gave the best growth of B. brevis in stationary cultures.
Tyrothricin is readily formed in aerated submerged cultures of asparagine medium in contrast to its lack of formation in complex nitrogenous media. It can be isolated from such cultures as a fine, white powder in amounts ranging from 100 to 300 mg. per liter of medium. These yields are equivalent to those from stationary tryptone cultures.
Tyrothricin from submerged cultures is biologically and chemically similar to that obtained from shallow tryptone cultures. Ultra-violet absorption spectrum studies indicate that it may contain a greater percentage of gramicidin than the latter.
Tyrothricin is formed also with glycine and d-glutamic acid (table 1) . Twogallon fermenters containing 5 liters of medium were used. The amino acids were present in 0.5 per cent concentration as compared to 0.25 per cent asparagine. The glutamic acid medium was adjusted to pH 7 with concentrated NaOH; the 145, 162, 166, 171 and 180 mg. per liter of glutamic acid medium and at least 120 mg. per liter of asparagine medium. Fifteen pounds air pressure was no better than atmospheric. The same is true for variation in rate of stirring from 0 to 60 r.p.m. Iron does not inhibit tyrothricin formation since the yield from the iron vessel with glutamic acid medium is equivalent to those from the glass-lined fermenters.
The following amino acids are also satisfactory sources of nitrogen for synthesis of tyrothricin in submerged cultures: dl-phenyl alanine, dl-aspartic acid, dla-alanine, 1-hydroxyproline, dl-threonine, dl-serine, dl-valine, dl-leucine, I-proline, 1-histidine monohydrochloride, dl-isoleucine, and also #-alanine. Negative or variable results have been obtained with I-cystine, dl-lysine, 1-trypto-phane and dl-methionine. The tests for tyrothricin in the amino acid media were only qualitative. Figure 1 shows quantitative relations of glucose and glutamic acid utilization and synthesis of cell substance with respect to formation of tyrothricin. The conditions were: air flow, 2 liters per minute; air pressure, 50 lbs. per sq. in.; agitation, 60 r.p.m. Samples were withdrawn at intervals and centrifuged. The cellular material was assayed quantitatively for tyrothricin and for nitrogen (micro-Kjeldahl) as a measure of cell substance. The supernatant fluid was analyzed for glucose (Stiles, Peterson and Fred, 1927) tyrothricin. Glucose was consumed at the same rate during all stages of growth. Maximum growth was reached in 35 to 40 hours after which there was a marked decrease in cell material which could be spun from the culture. This is due to autolysis which is reflected in an increasing opalescence of the supernatant fluid of centrifuged samples. The amount of tyrothricin is related to the quantity of cell material indicating that the bactericidal agent is closely associated with the latter. Furthermore, since formation of tyrothricin parallels the increase in bacterial substance during the logarithmic growth phase when little or no autolysis occurs, it appears that tyrothricin is an integral component of the viable bacterial cell and not merely a degradation product of autolysis.
The pH rises from 7.0 to a maximum of 8.4 which, in gentral, is the trend noted in stationary tryptone cultures. Results of experiments with a mixture of 19 amino acids simulating hydrolyzed casein (Woolley and Hutchings, 1940) offer an explanation for the absence of tyrothricin in submerged cultures of complex nitrogenous media. Table 2 contains the results of two experiments on the influence of the amino-acid mixture on tyrothricin formation in the presence and absence of glutamic acid. Stationary and submerged cultures were compared. The former were grown in 125 ml. Erlenmeyer flasks containing 30 ml. of the glucose-mineral salts medium and the latter in 250 ml. Drechsel gas-washing bottles containing 125 ml. of the same medium. 0.25 per cent d-glutamic acid and amino acids equivalent to 0.2 per cent hydrolyzed casein were used.
In submerged cultures, the bactericidal agent is not formed when an aminoacid mixture is the sole source of nitrogen although there is good growth. More- However, tyrothricin is formed in both submerged and stationary cultures in a synthetic medium consisting of glucose, inorganic salts and asparagine. Glycocoll, d-glutamic acid and other amino acids can be substituted for asparagine.
The bactericidal agent is not produced in synthetic media under submerged conditions in the presence of a mixture of 19 amino acids. It is suggested that the failure of tyrothricin to appear in submerged cultures containing complex nitrogenous substances is associated with the amino acids of the latter.
